I Introduction
There are two different ways of making inlays, crowns and bridges-the conventional die-pattern technique and the recently developed die-investing technique [1] [2] [3] [4] [5] [6] .
The special characteristics of the investment used in the die-investment technique are the properties that its setting expansion is large and its thermal expansion small. Since the main compensation for the casting shrinkage of an alloy depends on its setting expansion, it might be presumed that the adaptability of cast products is greatly influenced by the amount of setting expansion at the time when a working model is being prepared.
In preparing the working model, therefore, the authors examined a variety of factors which could influence the setting expansion of the die-investment; for example, the type and thickness of the impression material, the shape and taper of the abutment tooth, the shape of the tray, and the existence of a base block on the model. The authors here report how the setting expansion was influenced by each factor and present the main points to be considered when the model is being made [7] . The authors also examined [7] dimensional changes in the dental arch by the use of a horseshoe-shaped arch model with a fixed height and width, and obtained the following results.
In the dental arch as a whole, dimensional changes in the mesio-distal direction tended to be particularly small in the bicuspid region, compared with the regions of molars and anteriors (central incisors, lateral incisors and cuspids). The spread of the dental arch (dimensional changes in the bucco-lingual direction) tended to be greatest between the left and right cuspids and dimensional changes in the direction of the tooth axis tended to be particularly great in the medial region. As shown in Fig. 3 , the measurement points in Type I are: the abutment teeth A, C and E, the adjacent teeth A' and F, and the residual teeth C', E', G' and G.
The measurement points in Type II, as shown in Fig. 4 , are: the abutment teeth H and I, the adjacent tooth J, and the residual teeth H', I', J', K', L' and L. Ninety minutes after the die-investment mixture was poured on to the impression surface, the model was taken out and left as it was for 30 minutes , and then the dimensional changes were measured, using a micrometer microscope) .
Dimensional Changes in Abutment Teeth
The results of the experiment are shown in Fig. 7 .
Type I Type II (c): PRM-TUS (accuracy, 1/1000 mm), Pika Seiko Co., Ltd., Tokyo, Japan. In Type I, the differences in the dimensional expansion of abutment teeth were large in the mesio-distal and bucco-lingual directions and also in the direction of the tooth axis. This tendency was particularly noticeable in the central incisor. On the other hand, the differences in the dimensional expansion of the abutment teeth in Type II were small in these three directions; and the difference was particularly
In other words, with the central incisor in the curvature the expansion is greater in the direction of the tooth axis than in the mesio-distal and bucco-ling aal directions. However, with the posterior (the bicuspid and the molar) in the straight portion, there is no such tendency, and the amount of dimensional expansion is approximately equal in all three directions. This is because, as shown in Fig. 8, In both Type I and Type II, the spread tended to be greater in the anterior (the central incisor and the cuspid) than in the posterior (the bicuspid and the molar).
The spreads between central incisors (A-A', K-K'), between second bicuspids (E-E', I-I') and between second molars (G-G', H-H') all tended to be greater in Type II than in Type I, but the spread between the left and right cuspids (C-C', K-K') was greater in Type I than in Type II.
The above tendencies are believed to be related to the horseshoe shape of the dental arch. In other words, as in Fig. 10 , the anterior region contains a longer straight portion in the mesio-distal than in the bucco-lingual direction, and is considered to show a strong tendency to expand in the distal direction. In the posterior region, on the other hand, such tendencies are considered to be the result of measurement from one occlusal plane to another through the gap, since the gap lies on the tongue side. Especially in Type II, where the missing part does not lie in the anterior region, the lateral spread of the anterior region is larger and the spread of the posterior region is also large. And the gap between the left and right cuspids (C-C') in Type I, where a missing part lies in the anterior region, is like a solitary tooth, and the lateral spread seems greater.
Dimensional Changes in the Dental Arch in the Mesio-Distal Direction
The results of the experiment are shown in Fig. 11 . The gap between the abutment teeth in Type I (A-C, C-E) was greater than in Type II (H-I). The gap A-C was the greatest. These tendencies are considered to exist because the tendency to expand in the mesio-distal direction on the alveolus part (shown with oblique lines in Fig. 12 ) is greater in Type I than in Type II; therefore, the both abutment teeth situated on the alveolus part are also larger in Type I. This seems to be also related to the tendency to lateral spread of the dental arch shown in. Fig. 10 . While the gap between the first and second bicuspids (J-I) in the Type II model was seen to be smaller than the original size, the gap between the two abutment teeth (H-I) was larger. The former tendency (J-I) is thought to be the result, as shown in Fig. 13 , of the fact that when the gap between the left and right cuspids expanded laterally, it tended to restrain the mesial expansion of the first biscuspid (J) located between the straight and the curved portions; hence, expansion in the distal direction. This expansion was increased by the mesial expansion of the abutment of the second bicuspid (I). The latter tendency (H-I), as shown in Fig. 14 , is thought to be the result of the fact that the abutment of the second molar (H) is to the rear of the dental arch, and expands in the distal direction, together with the alveolus and the base block (M).
On the other hand, the afore-mentioned spread between the two abutment teeth (A-C, C-E, H-I) is related in adaptability to the lateral sides of the abutment teeth in the cast products (e.g., crowns and bridges). In other words, compensation for the shrinkage of metal between the two abutment teeth in cast products depends on the setting expansion of both abutment teeth in the working model. Therefore , when the amount of dimensional expansion is insufficient the cast products may not sufficiently resemble the original model.
IV Conclusions
As a result of comparing and examining dimensional changes in models constructed by die-investment when abutment teeth and missing parts exist in the curvature (Type I) and in the straight portions (Type II), the following points have become clear: 1. Dimensional changes in each abutment tooth in the mesio-distal and buccolingual directions, and in the direction towards the tooth axis:
In the central incisor, dimensional changes tended to be the greatest in the direction of the tooth axis, and the least in the bucco-lingual direction. In the cuspid, dimensional changes along the tooth axis tended to be less (Type I).
On the other hand, in the second bicuspid and the second molar, dimensional changes in the above-mentioned three directions were approximately the same (Type II). 2. Dimensional changes in the dental arch in the bucco-lingual direction (lateral spread):
In both Type I and Type II, changes tended to be greater in anteriors than in molars. In the left and right cuspids in the anterior region, Type I, which is in the state of a solitary tooth because of the presence of a missing part in the mesio-distal direction, showed a stronger tendency to expand laterally than in Type II, which is not in the state of a solitary tooth.
3. Dimensional changes in the dental arch in the mesio-distal direction :
In Type I, dental arches with a missing part showed a greater change than those without a missing part.
In Type II, the same tendency was observed between the two abutment teeth (H-I) as in Type I. However, the dimensional change between an abutment tooth and an adjacent tooth (J-I) became less. In particular this change alone was smaller than in the original model. 4 . The mesio-distal spread between two abutment teeth :
The spread between the central incisor and the cuspid proved to be the greatest and that between the cuspid and the second bicuspid showed the least in Type II, and the spread between the second bicuspid and the second molar was in between.
